Purpose The purpose of this study was to explore the clinical effect of the novel method combined longitudinal S-osteotomy and Lengthen And Then Nail (LATN) technique for leg lengthening and compare with the classic Ilizarov method. Methods This retrospective study was performed from March 2008 to April 2012. A total of 176 leg lengthenings (88 consecutive patients) were performed at our institution. The mean duration of follow-up was 2.2 years (range, one to four years). In group A, 78 tibial lengthenings were performed with longitudinal S-osteotomy and LATN technique. In group B, 98 tibial lengthenings were performed with the classic method. The final gain in length, mean surgical time for bilateral tibial osteotomy, the external fixation index and the radiographic consolidation index were calculated and compared. The complications encountered during operation and follow-up were documented. Results There was no significant difference in the final gain in length between the two groups. Mean surgical time in group A (130.05±6.60 min) was significantly longer than that in group B (91.4±6.61 min; P<0.05). External fixation index in group A (21.02±3.16 days/cm) was significantly lower than that in group B (76.19±8.32 days/cm; P<0.05). Consolidation index was significantly lower (more rapid healing) in group A (43.38±5.35 days/cm) than that in group B (76.19±8.32-days/cm; P<0.05). There was a significant difference in pintract problems and axial deviation between the two groups. Conclusion The novel method combined longitudinal Scorticotomy and LATN technique safely reduces the consolidation time, rate of pin-tract problems and axial deviation during leg lengthening, compared with the classic Ilizarov method.
Introduction
In the 1950s, Professor Gavril Abramovich Ilizarov described distraction osteogenesis, a technique based on the biology of bone regeneration. Nowadays the technique has been widely used for limb lengthening, deformity correction and reconstruction of nonunions and bone defects [1] [2] [3] [4] . The widely used procedure began with a transverse osteotomy, followed by lengthening over an external fixator (the classic Ilizarov method) or a nail. The classic method confers several disadvantages such as prolonged time in a frame and high risk of fracture of the new bone after frame removal [5] [6] [7] . During the latter procedure, an intramedullary nail was inserted concomitantly with the external fixator [8, 9] . At the end of the distraction phase, the nail was locked by inserting two distal screws and the external fixator was removed. Lengthening over a nail confers many advantages, such as reduced consolidation phase and frame time. However, serious complications such as deep pin-tract infection, breakage of nails and locking screws have been reported [8, 9] . Therefore, it is a demanding challenge for doctors to acquire more rapid consolidation following distraction osteogenesis without increased complications.
Al-Saati et al. [10] described the clinical application of a longitudinal corticotomy (S-Z osteotomy) and lengthening over an external fixator. The study showed that the healing index was significantly lower in the S-Z group than in the transverse corticotomy group. Rozbruc et al. [11] described a lengthening and then nailing (LATN) technique. The procedure began with a transverse osteotomy using a multipledrill-hole technique. External fixation is used for lengthening during the distraction phase. Once length has been achieved, a reamed locked intramedullary nail is inserted across the regenerate bone and the frame is removed. The intramedullary nail supports the bone during the consolidation phase allowing removal of the external fixator after the distraction phase of lengthening. The study showed that LATN confers advantages over the classic method including shorter times needed in external fixation, quicker bone healing, and protection against refracture. However, no study has reported the combination of the longitudinal corticotomy and LATN technique.
In 2008, we developed a novel method which combines longitudinal S-osteotomy and the LATN technique for leg lengthening. In this retrospective study, we describe our clinical experience and make a case-match comparison between the novel method and the classic Ilizarov method.
Materials and methods
This retrospective study was performed from March 2008 to April 2012. A total of 176 leg lengthenings (88 consecutive patients) were performed at our institution. All cases were taken from our IRB-approved limb lengthening database. All patients were skeletally mature at the time of the procedure. There was an absence of active or history of infection or trauma at the site of lengthening and area of subsequent nailing. Patients with severe bone deformity that require gradual deformity were excluded. The indication for surgery in all patients was constitutional short stature. An Ilizarov external fixator (Beijing Institute of External Skeletal Fixation Technology, China) was used in both groups, and an intramedullary nail (Beijing Institute of External Skeletal Fixation Technology, China) was used in group A. The mean duration of follow-up was 2.2 years (range, one to four years).
Patients were grouped according to different procedures. There were 39 patients in group A; 78 tibial lengthenings were performed via longitudinal S-osteotomy and LATN technique. There were 49 patients in group B; 98 tibial lengthenings were performed with the classic method. Preoperative demographics and tibial lengthenings of the two groups were similar (Table 1) .
Surgical technique
All operations were performed by the same senior surgeon. Under general anaesthesia, the patient was placed in the supine position. A tourniquet was used. In both groups, the tibial and fibula osteotomy was performed using a multiple-drill-hole technique. The fibula osteotomy was performed at the distal one third junction of the fibula. In group A, the S-shape of osteotomy can be divided into four parts ( Fig. 1): (1) the medial part close to the metaphysis in the proximal, (2) the longitudinal part in the proximal, (3) the longitudinal part in the distal, and (4) the lateral part in the distal. Through a small incision (0.8-1cm) at the proximal end of the desired osteotomy site, osteotomy of the medial and the longitudinal parts in the proximal were performed. Then, through the other separate incision (0.8-1 cm) in the distal, osteotomy of the longitudinal and lateral parts in the distal were carried out. The longitudinal length of the osteotomy was approximately 2 cm more than the desired length. In group B, the transverse corticotomy was performed at the proximal meta-diaphyseal junction of tibia.
The tourniquet was deflated during the following surgery. The Ilizarov frame was composed of three full rings, two 3/4 rings and one half ring. Both the proximal and distal rings were stabilized with a 2.5-mm tensioned transverse wire and 2.5-mm tibia-fibula wire. Both the proximal 3/4 ring and middle ring were stabilized with a 4-mm half-pin. The half ring was stabilized with a 2.5-mm tensioned transverse wire and two 2.5-mm half-pins (one in the medial and the other in the lateral) in the calcaneus. The pins were placed peripherally within the proximal tibia to allow future insertion of a nail without any contact with each other [11, 12] .
Three to five weeks after the distraction phase ended, an intramedullary nail with full-length was inserted across the regenerate bone, and then the apparatus was removed. The medullary canal was enlarged to 2 mm larger than the nail's diameter. This allowed easy insertion of the nail without force and avoided bending moments that could interfere with the new bone. The nail was locked using three screws in the proximal end with the aid of a jig and two in the distal end. To prevent tibial displacement or shortening, it was important to insert the nail and the locking screws before apparatus removal [11, 12] (typical bilateral leg lengthening combined S-osteotomy and LATN technique shown in Fig. 2 ).
Postoperative protocol
The surgical wounds were covered with a dry sterile. The pin sites were cleaned with sterile saline and alcohol daily. Prophylactic intravenous antibiotic was administered for 48 hours after surgery. Distraction was carried out seven to ten days postoperatively at 1.0 mm/day. One week later, distraction was continued at 0.67 mm/day. The rate of lengthening was adjusted according to the radiographs made The lateral radiograph ten days after osteotomy showing the external fixation had been applied. c AP radiograph taken ten weeks after operation, 4 cm of lengthening has been achieved. d Eighteen weeks after operation, 8 cm of lengthening has been achieved. AP radiograph taken three weeks later, the nail had been applied and the apparatus had been removed. e Five months after apparatus removal, there was complete consolidation every two weeks. Radiographs were made monthly throughout the consolidation phase and at least every three to sixmonths after consolidation had been completed. The patients were allowed full weight-bearing after operation and walking less than ten steps at a time for a maximum of 50 steps per day in both groups. In group A, after frame removal, partial weight-bearing with a brace and two crutches were allowed. Full weight-bearing with a brace was allowed when there were two intact cortices seen on radiographs. Full weight bearing without brace was allowed when there were at least three intact cortices on the anteroposterior and lateral radiographs. In group B, the fixators were removed when complete radiographic consolidation was confirmed.
Outcome measures
The final gain in length, mean surgical time for bilateral tibial osteotomy, and the appropriate indices (the external fixation index and the radiographic consolidation index) were calculated and compared. The external fixation index was defined as the time in external fixation in days divided by the length gained in centimetres. Consolidation was considered to be complete when anteroposterior and lateral radiographs confirmed at least three of four cortices were intact [13] . The consolidation were measured by two of the authors. If they had different opinions, another senior doctor was invited to make a decision. The radiographic consolidation index was defined as the time until bony union in days divided by the amount of lengthening in centimetres. The complications encountered during operation and follow-up were documented according to the Paley's classification. Complications were differentiated as problems, obstacles, and true complications [14] .
Statistical analysis
Descriptive statistics were obtained on all variables. Data are given as means and range. The independent Student's t-test was used to analyse the differences with regard to mean preoperative height, final gain in length, mean surgical time for bilateral osteotomy, external fixation index and consolidation index age, and Pearson's χ² test was used to assess the differences in the number of complications and sex. A P value of <0.05 was regarded as significant.
Results
There was no significant difference in the final gain in length between the two groups. Mean surgical time in group A was significantly longer than that in group B (P<0.05). External fixation index in group A was significantly lower than that in group B (P<0.05). Consolidation index was significantly lower (more rapid healing) in group A (P<0.05) ( Table 2) .
The rate of pin-tract problems was 2.56 % in group A and 11.22 % in group B. Grade 1 pin-tract problems were treated with local antiseptic or antibiotic. Grade 2 soft-tissue infection was treated with removal, curettage, and administration of one week of intravenous antibiotics. No axial deviation was observed in group A and eight problems were observed in group B. There were significant differences in pin-tract problems and axial deviation between the two groups (Table 3) .
Six problems of ankle flexion contractures were observed in group A and eight in group B during the distraction period, and were gradually corrected by splint and physiotherapy. Full range of movement was regained. These problems were noted early and were treated with adjusting the fixator. Six limbs had Values for groups A and B are given as mean ± standard deviation with range in parentheses. A p-value of≤0.05 was taken to indicate statistical significance A p-value of≤0.05 was taken to indicate statistical significance obstacles of delayed consolidation and required auto-iliac bone graft in group B. No fracture occurred after nail removal in group A and apparatus removal in group B. There were no significant differences in ankle contracture and delayed consolidation between the two groups (Table 3) . There were no neurologic and vascular injuries, joint luxation and stiffness in either group.
Discussion
The lengthening procedure began with osteotomy, followed by two distinct stages of treatment: distraction and consolidation. One disadvantage of distraction osteogenesis is the need to wait for a long consolidation phase which is approximately four times as long as the distraction phase in adults [12] . Patients often tolerate the consolidation period poorly. The most significant finding of our study was that the longitudinal S-osteotomy combined with LATN technique (group A) is more favourable for bone regeneration than the classic method (group B), and no delayed consolidation occurred in group A. The results showed significantly lower consolidation index in group A. According to our opinion, there are three major reasons for the more rapid healing in group A.
First, we believe one of the reasons is the larger surface area of cortical contact between the two bone segments at the site of longitudinal S-osteotomy. Furthermore, the larger the surface area of contact at the site of bone interruption, the better the stability. These factors effectively decrease the amount of new bone formation required to reestablish stability in the tibia. Haas [15] and Nicholson [16] both cited the major advantage of a longitudinal corticotomy over a transverse osteotomy in providing increased cortical contract for both postoperative stability and increased healing rates. These same benefits can be extended to distraction osteogenesis as described above.
Second, the stability in distraction osteogenesis was very important [2] . We speculate that the reason for the increasing healing rates in group A was that the application of full-length and large-diameter nail could provide good stability for the newly-formed bone after apparatus removal. Furthermore, the longitudinal length of S-osteotomy was 2 cm more than the tibial lengthening, so there was overlap between the distal and proximal bone segments at the end of distraction. Moreover, the risk for axial deviation or refracture of the regenerated bone due to the lack of internal stabilization after apparatus removal could be decreased. O'Carrigan et al. [5] reported an 8 % fracture rate after frame removal in a review of 650 patients with 986 lengthening segments. In our study, no fracture and no axial deviation were observed in group A.
Third, the reaming nail may confer a certain degree of jeopardization to the intramedullary circulation. However, many studies have showed that the periosteal blood flow returned to normal and even supernormal levels in a few days after reaming [17] . The increased blood flow stimulates periosteal new bone formation [17] . The products of reaming, which contain osteoblasts and multipotent stem cells, also serve as local bone graft that stimulates medullary healing [18] . The nail applied in group A may effectively improve bone regeneration and consolidation.
Deep infection is a major concern of combined intramedullary nailing and external fixation [12] . In our study, the rate of pin-tract problems was 2.56 % and no deep infection occurred in group A. Pin sites may become colonized with bacteria. The significantly reduced duration required for external fixation may contribute to the lower rate of pin-tract problems in group A. In lengthening over a nail, the pin tract infection may spread over the nail and become a deep infection. Brewster et al. reported a 1.4 % rate of pin tract infection and a 5.5 % rate of deep infection in the group lengthening over a nail in a literature review [19] . Rates of infection have ranged between 1.7 % and 21 % and bony union rates were high when an intramedullary nail is inserted after initial use of external fixation for high-energy and open tibial fractures [20] [21] [22] . However, all the tibiae in our study were healthy and well-vascularized. Moreover, if there were superficial pintract problems, the insertion of intramedullary nail can be delayed until the pin tract infection is controlled in the LATN technique. To prevent this complication in our cases, all pins and wires were inserted without their coming into contact with the intramedullary nail [11] .
In our study, the mean surgical time for bilateral tibial osteotomy in group A was significantly longer than that in group B (P<0.05). According to our opinion, the reason may be that S-osteotomy was more complicated than the transverse osteotomy. Therefore, the doctors need to grasp more operating techniques for the novel procedure.
In conclusion, this novel method which combined the longitudinal S-corticotomy and LATN technique safely reduces the consolidation time, rate of pin-tract problems and axial deviation during leg lengthening, compared with the classic Ilizarov method.
